Abstract: Greater trochanteric pain syndrome (GTPS) has received increasing attention in recent years. Most patients with GTPS present with trochanteric bursitis and respond to nonoperative treatment. However, a subset of patients may have persistent lateral hip pain or recalcitrant GTPS resulting from an undiagnosed gluteal tendon tear. Recalcitrant GTPS may be a debilitating condition in this patient subset. There is a need for an accurate and evidence-based physical examination maneuver to aid in earlier diagnosis of gluteal tendon tears and timely intervention in these patients. Most studies evaluating gluteal tendinopathy fail to assess surgical indications and instead focus on identifying trochanteric bursitis, which may or may not require surgical treatment. The modified resisted internal rotation test has been used in our practice to detect gluteus medius tendon tears in the recalcitrant GTPS patient population. Fundamental anatomic, biomechanical, electromyographic, and clinical data have been reviewed to make this an evidence-based clinical test for early detection of this pathology.
G
reater trochanteric pain syndrome (GTPS) has received increasing attention in recent years. [1] [2] [3] A better understanding of lateral hip pathology, recent publications on the anatomy and biomechanics of the peritrochanteric area, 4, 5 and advances in sonographic and magnetic resonance imaging have provided the grounds for improved characterization of GTPS. An improved understanding of the posterior tendon of the gluteus medius has been key to a more targeted approach to treating patients with GTPS. 6 Within the spectrum of gluteal pathology, cases of recalcitrant GTPS may be difficult to diagnose in a timely manner, thus resulting in increased patient morbidity. Gluteus medius tendon tears are thought to be responsible for a large number of recalcitrant cases. When standard interventions such as corticosteroid infiltrations and shock wave therapy fail to provide relief, surgical treatment may be warranted. 7 Recalcitrant GTPS is more difficult to manage than conventional trochanteric bursitis. This condition may result from gluteal tendinopathy, including tendinosis or insertional tendinitis, and gluteus medius tears. Gluteal tears are more prevalent in women than in men, with a peak incidence in the fourth to sixth decade of life (25% of women and 10% of men in this age group).
1 Tendon tears may be partial, complete, or intrasubstance tears and are most commonly degenerative in origin. Magnetic resonance imaging is the study of choice to confirm this diagnosis.
The Trendelenburg test and the abduction test are commonly used to assess hip abductor pathology on examination; however, their sensitivity and specificity show only moderate accuracy. 8 In a recent study by Ganderton et al., 3 the 4 most valuable clinical tests were found to be palpation of the greater trochanter, flexioneabductioneexternal rotation, resisted hip abduction, and resisted external derotation, with sensitivities of 85.7%, 50.0%, 50.0%, and 42.3%, respectively, and specificities of 61.1%, 83%, 97.3%, and 95.0%, respectively. However, most publications on this topic have focused on detecting a nonspecific pathology, such as GTPS, and not necessarily a surgical diagnosis of a gluteus medius tear. More attention has been given to a physical examination maneuver that involves resisted internal rotation of the hip. This maneuver has been shown to activate the gluteus minimus and the posterior compartment of the gluteus medius in clinical and electromyographic studies, 4, 5, 9, 10 and in cases of recalcitrant GTPS, it is thought to be provocative in nature. We believe that performing this test at 90 of hip flexion and 15 to 20 of external rotation achieves maximal tension on the gluteus medius tendons, allowing for the detection of tears that manifest as weakness in hip abduction and lateralsided hip pain. To our knowledge, no studies have proposed the resisted internal rotation test as a sole means of diagnosing gluteus medius tendon tears. The purpose of this publication was (1) to describe a modified resistive internal rotation test; (2) to provide the anatomic, biomechanical, electromyographic, and clinical data that support its role in the detection of gluteus medius tears; and (3) to propose its routine use in the evaluation of patients presenting with lateral hip pain for earlier detection of gluteus medius tears.
Technique
While in the supine position, the patient is asked to flex the affected hip and knee to 90 while maintaining the contralateral hip and knee in full extension. The clinician assists in positioning the affected hip in 15 to 20 of external rotation, the starting position of the maneuver (Fig 1) . Adequate knee and ankle stabilization is key at this point, with the clinician placing one hand on the medial aspect of the knee and placing the other hand on the lateral aspect of the ankle to resist adduction and internal rotation, respectively. The patient must exert an internal rotation force by moving the knee toward the midline and simultaneously moving the foot away from the midline (Fig 2, Video 1) . The clinician's hands provide resistance against these movements. A positive test consists of the reproduction of pain, with or without associated weakness. Table 1 shows pearls and pitfalls for this technique.
Discussion
The hip abductor muscle anatomy and tendon arrangement have been described in detail. 4, 5 In a recent publication, Flack et al. 4 described the fascicular arrangement of the gluteus medius, gluteus minimus, and tensor fascia lata based on dissection of 12 cadavers. The superior gluteal nerve branching was used to define 4 compartments in the gluteus medius: anterior, midanterior, midposterior, and posterior. The anterior compartment originates anterior to the greater trochanter and has a posteroinferior direction toward the proximal femur. The middle compartments have a central location relative to the greater trochanter and a vertical orientation of its fascicles, whereas the posterior compartment has an anteroinferior direction. The direction of the posterior compartment is anteroinferior toward the anterior aspect of the greater trochanter and horizontal and parallel to the femoral neck. 4, 5 The gluteus medius muscle forms 2 distal tendinous attachments: 1 flat tendon with a lateral insertion, as well as a cordlike tendon with a posterior insertion on the proximal femur. The lateral tendon inserts along an anteroinferior oblique line measuring 31 mm at the lateral aspect of the greater trochanter. Its main contribution is from the anterior compartment of the gluteus medius muscle. The posterior tendon has a cordlike arrangement with fascicle contributions from the midanterior, midposterior, and posterior compartments. It inserts into the posterosuperior facet of the greater trochanter, 11 and has a mean anteroposterior attachment width of 16 mm. 4 In all specimens, the tendons for the gluteus medius and gluteus minimus fuse when approaching the anterior greater trochanter insertion site. Despite a detailed and updated description of the hip abductor muscle complex, Flack et al. 4 argued that the functional significance of its fascicular organization is not fully understood.
The gluteus medius and gluteus minimus are dynamic hip stabilizers and pelvic rotators. 5 The posterior compartment of the gluteus medius pulls the femoral head against the acetabulum, whereas the middle and anterior compartments participate in initiation of abduction and pelvic rotation, respectively. With the gluteus medius acting as a dynamic stabilizer and initiator of hip abduction, it is now more commonly accepted that the tensor fascia lata acts as the main hip abductor analogous to the rotator cuff and deltoid in shoulder abduction. 5 This role of the tensor fascia lata has also been suggested in the literature by reports on the iatrogenic Trendelenburg sign that results from iliotibial band release used to treat abduction contracture of the hip.
Hip positioning in the sagittal plane during abduction or rotation has significant effects on muscle activation with documented increases in gluteus medius moment capacity with hip flexion and internal rotation. 12 Elerian et al. 9 assessed the electromyographic activity of the gluteus medius muscle during hip abduction in the lateral decubitus position. They compared hip abduction with flexion at 0 , 45 , and 90 and in neutral, internal, and external rotation positions. Gluteus medius activation was greatest with hip flexion at 90 and internal rotation. Lee et al. 10 observed that gluteus medius activity was significantly greater when hip abduction was performed with internal rotation versus in a neutral position. The gluteus maximus and the tensor fascia lata showed decreased levels of activity with increasing hip flexion, which suggests gluteus medius dominance within this range. Differences in activation of the abductor muscles during ambulation have been identified in patients with gluteal tendinosis, warranting further studies. 13 The accuracy of physical examination maneuvers for the detection of GTPS and gluteal tears has been The examiner should place one hand on the medial aspect of the knee while the other hand is placed on the lateral aspect of the ankle to provide a resistive force, as shown here for the left lower extremity. Then, the patient is asked to simultaneously internally rotate (a) and adduct (b) the hip. In this manner, hip flexion decreases the contribution of the tensor fascia lata, whereas 15 of external rotation increases the tension on the gluteus medius to favor detection of gluteal tendinopathy. The contralateral extremity should always be tested for baseline comparison of strength because weakness may be the only finding.
Pitfalls
Failing to ask the patient to simultaneously adduct while internally rotating the hip can produce inadvertent hip abduction, which can confound the findings of the described test.
reported in the literature. Bird et al. 8 compared the accuracy of 3 physical examination maneuvers in predicting hip abductor tendon tears that were later confirmed with magnetic resonance imaging. The Trendelenburg sign was found to be the most accurate test (sensitivity and specificity of 72.7% and 76.9%, respectively). Resisted abduction, performed with the patient supine and starting at 45 of abduction, showed sensitivity and specificity of 72.7% and 46.2%, respectively. Resisted internal rotation was performed with the patient supine, hip flexion at 45
, and maximal external rotation. Sensitivity and specificity (with a starting position in neutral rotation) was 54.5% and 69.2%, respectively. In a similar study, Lequesne et al. 2 reported sensitivity and specificity of 100% and 97.3%, respectively, for the single-leg stance test and 88% and 97.3%, respectively, for the resisted external derotation test in the supine position. They noted that accuracy for resisted internal rotation tests improved as a function of increasing hip and knee flexion that can be explained by increased tendon stretching in the starting position. However, their accuracy analysis consisted of identifying trochanteric tendino-bursitis and not gluteus medius tears.
It is important to note that what makes our modified resisted internal rotation test uniquedand possibly more accuratedis the effective isolation of active internal rotation that results from the clinician's hand placement and encouraging the patient to adduct against resistance simultaneously with resisted internal rotation. Advantages and disadvantages of this test are detailed in Table 2 . Lequesne et al. 2 stated that some studies lack a detailed description of the clinical examination maneuvers, which in some cases is critical in determining the accuracy of the test. The described precise limb position reduces tension on the tensor fascia lata with the hip at 90 of flexion, stretches the lateral and posterior insertions of the gluteus medius tendon with 15 to 20 of hip external rotation, and further isolates internal rotation during active motion with simultaneous adduction of the hip. The modified resisted internal rotation test, as described in this article, can be used for early detection of gluteus medius tears in cases of recalcitrant GTPS. Anatomic, biomechanical, electromyographic, and clinical data support the use of this test in the diagnosis of gluteus medius tears, allowing for earlier detection and treatment in these patients. 
